
REMARKS 

In view of the above amendments and the following remarks, reconsideration of the rejections 
contained in the Office Action of December 19, 2001 is respectfully requested. 

The Examiner has objected to the disclosure due to an informality regarding variables shown 
in chemical formulas. In view of this objection, and in order to make several additional editorial 
corrections, the entire specification and abstract have now been reviewed and revised. As the 
revisions are quite extensive, the amendments to the specification and abstract have been incorporated 
into the attached substitute specification and abstract. For the Examiner's convenience, a copy of the 
marked-up original specification and abstract is also enclosed, and the marked-up pages are captioned 
" Version with markings to show changes made /' The substitute specification and abstract 
includes the same changes as are indicated in the marked-up copy of the original specification. No 
new matter has been added by the revisions. Entry of the substitute specification is thus respectfully 
requested. 

The Examiner has rejected claims 2, 10-12, 15, 24-26 and 55 under 35 USC §112, second 
paragraph, as being indefinite. In particular, the Examiner asserts that the term "like" recited in the 
claim is ambiguous, and that the phrase "... trap is . . . outside . . . window" is unclear because it 
is not certain what is meant by "outside. " In view of these rejections and in order to place the claims 
in a preferred form, the original claims have been amended as indicated above. In addition, the non- 
elected claims have been cancelled, and it is submitted that all of the remaining claims read on the 
elected invention. In view of the above, it is submitted that the Examinees rejections under § 1 1 2 have 
been overcome. 

The Examiner has rejected claims 2, 1 1 - 1 2, 1 5, 25-26 and 5 5 under 3 5 USC § 1 02(a) as being 
anticipated by the Higuchi reference (USP 5,783,492), and asserts that the Yoshida reference (USP 
5,690,781) is equivalent to the Higuchi reference but does not disclose a frequency range. 
Furthermore, the Examiner has rejected claims 10 and 24 under 35 USC §103 as being unpatentable 
over the Higuchi reference and further in view of the Chen reference (USP 5,824,605). However, 
the elected claims (in particular, independent claims 2 and 15) have been amended in order to clarify 
the distinctions between the present invention and the prior art. Therefore, for the reasons discussed 
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below, it is respectfully submitted that amended independent claims 2 and 1 5 and the claims that 
depend therefrom are clearly patentable over the prior art of record. 

Independent claim 2 is directed to a plasma processing method, while independent claim 15 
is directed to a plasma processing apparatus. Both claims, however, have been amended to recite that 
the groove-shaped plasma trap is arranged in an upper inner surface of the vacuum chamber so that 
an outer diameter of the plasma trap is smaller than an inner side surface diameter of the vacuum 
chamber, and so that the upper inner surface of the vacuum chamber includes a metallic surface 
portion between the outer periphery of the plasma trap and the inner side surface of the vacuum 
chamber so that the metallic surface portion opposes the substrate. 

A discussion of the arrangement and advantages of the present invention as recited in 
amended independent claims 2 and 15 will now be made with reference to the specification and 
drawings of the present application. However, reference to the specification and drawings is provided 
only to aid the Examiner's understanding, and is not intended to limit the scope of the claims to the 
specific embodiments discussed. As shown in Figures 10 and 11, the annular, groove-shaped plasma 
trap 9 is arranged in the upper inner surface of the vacuum chamber 1 so that the outer diameter of 
the plasma trap is smaller than the diameter of the inner side surface of the vacuum chamber. In 
addition, although the dielectric window 14 forms a portion of the upper inner surface of the vacuum 
chamber, the plasma trap 9 is arranged so that the upper inner surface of the vacuum chamber 
includes a metallic surface portion between the outer periphery of the plasma trap and the inner side 
surface of the vacuum chamber so that the metallic surface portion opposes the substrate (see pages 
41 and 42 of the original specification). 

Because the outer diameter of the plasma trap is smaller than the inner side surface diameter 
of the vacuum chamber, generation of plasma in an ideal shape with excellent uniformity is possible 
as discussed in the specification. In addition, because a metallic surface portion is located between 
the outer periphery of the plasma trap and the inner side surface of the vacuum chamber so as to 
oppose the substrate, the plasma generation will have maximum density at the plasma trap because 
the electromagnetic waves transmitted from the antenna toward the metallic surface portion will be 



-7- 



reflected by the metallic surface back toward the antenna so as to increase the electric field strength 
at the plasma trap. As a result, even greater conditions for plasma generation can be achieved: 

TheHiguchi reference discloses a plasma processing method and apparatus including a vessel 
201 and an upper wall recess portion 211. The Examiner appears to take the position that a plasma 
trap is formed around the recess portion as shown in Figures 9 and 10 of the Higuchi reference. 
However, as clearly shown in these Figures, the Higuchi reference does not disclose or suggest that 
the outer diameter of the plasma trap is smaller than the inner side surface diameter of the vacuum 
chamber. Furthermore, the Higuchi reference does not disclose or suggest that the plasma trap is 
arranged so that the upper inner surface of the vacuum chamber includes a metallic surface portion 
between the outer periphery of the plasma trap and the inner side surface of the vacuum chamber so 
that the metallic surface portion opposes the substrate. 

The Yoshida reference discloses a plasma processing apparatus including a chamber having 
a dielectric plate window 4 with a thick portion forming recess areas on either side as shown in 
Figures 1 A, 6A and 10. However, the Yoshida reference also does not disclose or suggest a plasma 
trap having an outer diameter that is smaller than an inner side surface diameter of the vacuum 
chamber. In addition, the Yoshida reference also does not disclose or suggest that an upper inner 
surface of the vacuum chamber includes a metallic surface portion between the outer periphery of the 
plasma trap and the inner side surface of the vacuum chamber so that the metallic surface portion 
opposes the substrate. Finally, the Yoshida reference also does not disclose or suggest supplying a 
high-frequency power having a frequency of 50 MHz to 3 GHz. 

The Chen reference is directed to a gas dispersion window for a plasma apparatus including 
a dielectric window 18 having a dielectric member 18b as shown in Figure 4. However, as clearly 
shown in the sectional view of Figure 4, the dielectric (non-metallic) member 1 8b extends to the inner 
side surface of the vacuum chamber. Thus, the Chen reference clearly does not disclose or suggest 
that an upper inner surface of the vacuum chamber includes a metallic surface portion between an 
outer periphery of the plasma trap and an inner side surface of the vacuum chamber so that the 
metallic surface portion opposes the substrate. 



As explained above, the Higuchi reference, the Yoshida reference, and the Chen reference, 
do not either alone or in combination, disclose or suggest the plasma trap and metallic surface portion 
arranged as recited in amended independent claims 2 and 15. Therefore, it is submitted that one of 
ordinary skill in the art would not be motivated to modify or combine the references so as to obtain 
the invention recited in independent claims 2 and 15. Accordingly, it is respectfully submitted that 
amended independent claims 2 and 15 and the claims that depend therefrom are clearly patentable 
over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance. However, if the Examiner should have any comments or suggestions 
to help speed the prosecution of this application, the Examiner is requested to contact the Applicants' 
undersigned representative. 

Respectfully submitted, 
Tomohiro OKUMURA et al. 




Registration No. 44,142 
Attorney for Applicants 



WDH/pth 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
June 19, 2002 
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2. (Amended) A plasma processing method for generating plasma withm a vacui 
chamber and processing a substrate placed on a substrate electrode within the vacuum c^amfiir, t^ 
method comprising: o ^ ^5 

generating the plasma by radiating electromagnetic waves into the vacuugi cljapibe^pj 
via_a_dielectric window provided [op posite tol on an upper inner surface of the vacuu$ cHimbeO 



o pposing the substrate by supplying a high-frequency power having a frequency of 50 MH^to 3 GHz 
to an antenna while an interior of the vacuum chamber is [controlled to] maintained at ^specified 
pressure by introducing gas into the vacuum chamber and, simultaneously therewith, evacuating the 
interior of the vacuum chamber; and 

processing the substrate by using the generated plasma while plasma distribution of 
the plasma on the substrate is controlled by an annular, [groove-like] groove-shaped plasma trap 
[provided opposite to the substrate] arranged in the upper inner surface of the vacuum chamber such 
that an outer diameter of the plasma trap is smaller than an inner side surface diameter of the vacuum 
chamber and such that the upper inner surface of the vacuum chamber includes a metallic surface 
portion between the outer periphery of the plasma trap and the inner side surface of the vacuum 
chamber so that the metallic surface portion opposes the substrate . 



3. (Amended) A plasma processing method according to Claim [1] 2, wherein the 
substrate is processed while a portion of the upper inner surface of the vacuum chamber opposing 
the substrate and surrounded by the plasma trap [out of a surface forming an inner wall surface of the 
vacuum chamber and opposing the substrate] has an area 0.5 to 2.5 times that of the substrate. 



4. (Amended) A plasma processing method according to Claim [1] 2, wherein the 
substrate is processed while the plasma trap has a groove width of 3 mm to 50 mm. 



5. (Amended) A plasma processing method according to Claim [1] 2, wherein the 
substrate is processed while the plasma has a groove depth of not less than 5 mm. 

10. (Amended) A plasma processing method according to Claim 2, wherein the plasma 
is generated while the plasma trap is arranged in the dielectric window such that the outer diameter 
of the plasma trap is less than the outer diameter of [provided in] the dielectric window. 

1 1 . (Amended) A plasma processing method according to Claim 2, wherein the plasma 
is generated while the plasma trap is arranged in the upper inner surface of the vacuum chamber such 
that an inner diameter of the plasma trap is larger than an outer diameter of [provided outside] the 
dielectric window. 



12. (Amended) A plasma processing method according to Claim 2, wherein the upper 
inner surface of the vacuum chamber includes a dielectric window surface portion formed bv the 
dielectric window and includes a vacuum chamber upper surface wall portion formed bv an upp er 
vacuum chamber wall, the plasma is generated while the plasma trap is arranged in the upper inner 
surface of the vacuum chamber [provided] between the vacuum chamber upper surface wall portion 
and the dielectric window surface portion . 



15. (Amended) A plasma processing apparatus comprising: 

a vacuum chamber having an upper inner surface opposing a substrate to be placed 
in the vacuum chamber and an inner side surface ; 

a gas supply unit for supplying gas into the vacuum chamber; 

an evacuating device for evacuating an interior of the vacuum chamber; 

a substrate eiectrorfeibrpfa 

a dielectric window provided opposite to the substrate electrode and forming a portion 
of the upper inner surface of the vacuum chamber ; 

an antenna for radiating electromagnetic waves into the vacuum chamber via the 
dielectric window; 

a high-frequency power supply capable of supplying a high-frequency power having 
a frequency of 50 MHz to 3 GHz to the antenna; and 

an annular, [groove-like] groove-shaped plasma trap [provided opposite to the 
substrate] arranged in the upper inner surface of the vacuum chamber such that an outer diameter of 
the plasma trap is smaller than the inner side surface diameter of the vacuum chamber and such that 
the upper inner surface of the vacuum chamber includes a metallic surface portion between the outer 
periphery of the plasma trap and the inner side surface of the vacuum chamber so that the metallic 
surface portion opposes the substrate . 

16. (Amended) A plasma processing apparatus according to Claim [14] 15, wherein the 
u pper inner surface of the vacuum chamber includes a portion surrounded by the plasma trap [out of 
a surface forming an inner wall surface of the vacuum chamber and opposing the substrate has] 
having an area 0.5 to 2.5 times that of the substrate. 

17. (Amended) A plasma processing apparatus according to Claim [14] 1_5, wherein the 
plasma trap has a groove width of 3 mm to 50 mm. 

24. (Amended) A plasma processing apparatus according to Claim 1 5, wherein the plasma 
trap is arranged in the dielectric window such that the outer diameter of the plasma trap is less than 
the outer diameter of [provided in] the dielectric window. 

25 . (Amended) A plasma processing apparatus according to Claim 1 5, wherein the plasma 
trap is arranged in the upper inner surface of the vacuum chamber such that an inner diameter of the 
plasma trap is larger than an outer diameter of [provided outside] the dielectric window. 

26. (Amended) A plasma processing apparatus according to Claim 1 5, wherein the upp er 
inner surface of the vacuum chamber includes a dielectric window surface portion formed by the 
dielectric window and includes a vacuum chamber upper surface wall portion formed bv an upp er 
vacuum chamber wall, the plasma trap is arranged in the upper inner surface of the vacuum chamber 
[provided] between the vacuum chamber upper surface wall portion and the dielectric window surface 
portion . 
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The present invention further relates to 



BACKGROUND OF THE INVENTION 

m 

The present invention relates to p]^smg> o 
processing methods such as dry etching, sputtering, |&nd 
plasma CVD, as well as apparatuses therefor, to be used for 
manufacture of semiconductor or other electron devices and 
micromachfn^B . More particularly, the present i^er^tion 
relates tl^plasma processing method and apparatus fot^se of 
plasma excited with high-frequency power of VHF or UHF band. 

a 

matching box f or v jplasma processing apparatus to be used for 
impedance matching in supplying high-frequency power of VHF 
band, in particular, to a counter electrode for/plasma 
excitation or to an antenna, and relates tc(j^]?lasma 
processing method and apparatus using plasma excited with 
the high-frequency power of VHF band. 

Japanese Lkid-Open Patent Publication No. 

mi J 

8-83696 describes thai Vuge of high-density p lasm a is 
important in order to meet the trend toward jerf^ostructure* 
of semiconductors and other electron devic/es^T^-OW electron, 




25 



temperature plasma has recently been receiving attention by 
virtue of its high electron density and low electron 



temperature. 

In the case where a gas having a high negativity, 



i.e., a gas that tends to generate negative ions, such as 
Cl 2/ SF 6 , is formed into plasma, when the electron 
5 temperature becomes about 3 eV or lower, larger amounts of 
negative ions are generated than with higher electron 
temperatures. Taking advantage of this phenomenon makes it 
possible to prevent etching configuration abnormalities, 
so-called notch, which may occur when positive charges are 

10 accumulated at the bottom of micro-patterns due to 
excessive ^incidence of positive ions. This allows etching 
of extremely micro patterns to be achieved with high 
precision. fi*fc£ S j&*P 

Also, in the casj^ containing carbon 

15 and fluorine, such as (Mv)or C^&0^) (where x, y, z are 
natural numbers) , which is generally used for etching of 
insulating films such as silicon oxide, is formed into 
plasma, when the electron temperature becomes about 3 eV or 
lower, gas dissociation is suppressed more than with higher 

20 electron temperatures, where, in particular, generation of 
F atoms, F radicals and the like is suppressed. Because F 
atoms, F radicals and the l> k ^ are higher in the rate of 
silicon etching, insulating film) etching can be carped out 
at larger selection ratios fce* >£ilicon etching ^tte=ro»e)with 

25 lower electron temperatures. 



Also, when the electron temperature becomes 3 eV 
or lower, ion temperature and plasma potential also becomes 
lower, so that ion damage to the substrate in plasma CVD 
can be reduced. 

5 As a technique capable of generating plasma 

having low electron temperature, plasma sources using high- 
frequency power of VHF band or UHF band are now receiving 
attention . 

Fig. 15 is a sectional view of a dual-frequency 
10 excitation parallel-flat plate type pla^mk processing 
apparatus. Referring to Fig. whila^vnterior of a 

Mr) 

vacuum chamber 201 is maintained/^o/a specified pressure by 
introducing a specified gas from a gas supply unit 202 into 
the vacuum chamber 201 and simultaneously performing 

15 evacuation by a pump 203 as an evacuating device, a high- 
frequency power of 100 MHz is supplied to a counter 
electrode 205 by a counter-electrode-use-high-frequency 
power supply 204. Then, plasma is generated in the vacuum 
chamber 201, where plasma processing such as etching, 

20 deposition, and surface reforming can be carried out on a 
substrate 207 placed on a substrate electrode 206. In this 
case, as shown in Fig. 15, by supplying high-frequency 
power also to the substrate electrode 206 by a substrate- 
electrode-use-high-frequency power supply 208, ion energy 

25 that reaches the substrate 207 can be controlled. In 
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addition, the counter electrode 205 is insulated from the 

vacuum chamber 201 by an insulating ring 211. 

Fig. 16 is a sectional view of I plasma 

processing apparatus which we have already proposed and 

which has an antenna type tf&aspa source mounted thereon. 

Referring to Fig. /p6y whi]/e ^i/terior of a vacuum chamber 

[At] 

301 is maintained Mxy a specified pressure by introducing a 
specified gas from a gas supply unit 302 into the vacuum 
chamber 301 and simultaneously performing evacuation by a 
10 pump 303 as an evacuating device, a high-frequency power of 
100 MHz is supplied to a spiral antenna 313 on a dielectric 
window 314 by an antenna-use-high-frequency power supply 
312. Then, plasma is generated in the vacuum chamber 301 
by electromagnetic waves radiated into the vacuum chamber 
15 301, where plasma processing such as etching, deposition, 
and surface reforming can be carried out on a substrate 307 
placed on a substrate electrode 306. In this case, as 
shown in Fig. 16, by supplying high-frequency power also to 
the substrate electrode 306 by a substrate-electrode-use- 
20 high-frequency power supply 308, ion energy that reaches 
the substrate 307 can be controlled. 

However, there has been an issue that the 
conventional methods shown in Figs x ^5 and \6 have 





difficulty in obtaining uniforml^/^/ plaWa 
25 Fig. 17 shows results of measuring ion saturation 



current density at a position ^20 m mj just ^ above the 
substrate 207 in the plasma processing apparatus of Fig. 15, 
Conditions for plasma generation are gas type of Cl^ and 
gas flow rate of 100 seem, a pressure of 1 Pa, and a high- 
5 frequency power of 2 kW. It can be understood from Fig. 17 
that plasma density is higher in peripheral regions. 

Fig. 18 shows results of measuring ion saturation 
current density at a position ^20^]^ above the 

substrate 307 in the plasma processing apparatus of Fig. 16. 

10 Conditions for plasma generation are gas type of Cl 2 and 
gas flow rate of 100 seem, a pressure of 1 Pa, and a high- 
frequency power of 2 kW. It can be understood from Fig. 18 
that plasma density is higher in periphera^T^egions . 

Such nonuniformity of plasma ±L ^enomenon that 

15 could not be seen with the frequency of the high-frequency 
power of 50 MHz or less. Whereas the 50 MHz or higher 
high-frequency power needs to be used in order to lower the 
electron temperature of plasma, there are produced, in this 
frequency band, not only an advantage that plasma is 

20 generated by the counter electrode or antenna being 
capacitively or inductively coupled to the plasma, but also 
an advantage that plasma is generated by electromagnetic 
waves, which are radiated from the counter electrode or 
antenna, propagating on the surface of the plasma. In 

25 peripheral regions of the vacuum chamber, which serve as 



reflecting surfaces for the electromagnetic waves that have 
propagated on the surface of the plasma, stronger electric 
fields are developed so that thick plasma is generated. 

Also, as described above, in the case where a gas 
5 having a high negativity, i.e., a gas that tends to 
generate negative ions, such as Cl 2 , SF 6/ is formed into 
plasma, when the electron temperature becomes about 3 eV or 
lower, larger amounts of negative ions are generated than 
with higher electron temperatures. Taking advantage of 

10 this phenomenon makes it possible to prevent a phenomenon 
that perpendicularity of the incident angle of ions onto, 
the substrate worsens when positive charges are accumulated 
at the bottom of micro-patterns due to excessive incidence 
of positive ions. This allows etching of extremely micro 

15 patterns to be achieved with high precision. Besides, that 
is an expectation for process improvement making use of the 
high reactivity of negative ions. wfrl&C ^J6Sc^-\^^ 

Also, in the case j^^re^ ^ /gas containing carbon 
and fluorine, such as GfxF//yor Cgp^tfz) (where x, y, z are 

20 natural numbers) , which is generally used for etching of 
insulating films such as silicon oxide, is formed into 
plasma, when the electron temperature becomes about 3 eV or 
lower, gas dissociation is suppressed more than with higher 
electron temperatures, where, in particular, generation of 

25 F atoms, F radicals and the like is suppressed. Because F 



atoms / F radicals and the like are higher in the rate of 
silicon etching, insulating^fiSLm etching can be carried out 



lower electron temperatures. 

Also, when the electron temperature becomes 3 eV 
or lower, ion temperature and plasma potential also become 
lower, so that ion damage to the substrate in plasma CVD 
can be reduced . 

It is plasma sources using high-frequency power 
of VHF band that is currently receiving attention as a 
technique capable of generating plasma low in electron 
temperature and capable of generating plasma superior in 
ignitability . 

Fig, 24 is a sectional view of a dual-frequency 



vacuum chamber 401 is maintained/ >6/a specified pressure by 
introducing a specified gas from a gas supply unit 402 into 
the vacuum chamber 4 01 and simultaneously performing 
evacuation by a pump 403 as an evacuating device, a high- 
frequency power of 100 MHz is supplied to a counter 
electrode 407 via .a matching box 405 and a high-frequency 
coupling device (mount) 406 by a counter-electrode-use- 
high-frequency power supply 404. Then, plasma is generated 
in the vacuum chamber 401, where plasma processing such as 




apparatus . 



excitation parallel- flat 



Referring to 
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etching, deposition, and surface reforming can be carried 
out on a substrate 409 placed on a substrat-^^lectrode 408, 



In this case, as sbown in Fig* 24, by ^supplying high- 
frequency power [a3-s«/to the substrate electrode 408 by a 
5 substrate-electrode-use-high- f reqiiency power supply 410, 
ion energy that reaches the substrate 409 can be controlled. 
In addition, the counter electrode 4 07 is insulated from 
the vacuum chamber 401 by an insulating ring 411. The 
matching box 405 comprises a high-frequency input terminal 
10 412, a first variable capacitor 413, a high-frequency 
output terminal 414, a second variable capacitor 415, a 
first motor 416, a second motor 417, and a motor control 
circuit 418. 

However, there has been_an issue that the 
15 conventional method shown in^Fig. 24 has difficulty in 
obtaining unif ormfo^fey plasirU^ 

Fig. 25 shows results of measuring ion saturation 
current density at a position ^20 m n^^xys^ above the 
substrate 409 in the plasma processing apparatus of Fig. 24. 
20 Conditions for plasma generation are gas type of Cl 2 and 
gas flow rate of 100 seem, a pressure of 2 Pa and a high- 
frequency power of 1 kW. Also, as shown in Fig. 24, the 
second variable capacitor 415 is disposed on one side of 
the measuring position in Fig. 25. It can be understood 
25 from Fig. 25 that plasma density is higher on one side of 
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the measuring position, i.e., just below the second 
variable capacitor 415. 




Such nonunif ormity of plasma ife ^phenomenon that 
could not be seen with the frequency of the high-frequency 
5 power of 50 MHz or less. Whereas the 50 MHz or higher 
high-frequency power needs to be used in order to lower the 
electron temperature of plasma, there develops, in this 
frequency band, a potential distribution in the counter 
electrode 407. It can be deduced that this potential 
10 distribution, affected by the placement of the second 
variable capacitor 415 within the matching box 405, acts to 
strengthen the electric fields just below the second 
variajaire capacitor 415, resulting in nonunif ormity of 
plasika^ 

15 Such a phenomenon could be seen with such an 

arrangement as shown in Fig. 2 6 in which a spiral antenna 
420 is used instead of the counter electrode 407. In the 
prior art example shown in Fig. 26, a dielectric window 421 
is used. 
20 SUMMARY OF THE INVENTION 

In view of these issues of the prior /£?*t, an 
object of the present invention is to provide! v plasma 
procrfesking method and apparatus, as well as a matching box 
foil ^plasma processing apparatus, capable of generating 
25 uniform plasma. 
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In order to achieve the above object, the present 
invention has the following constitutions. 

Tn accomp~3ri~5h±ng t hese and ot-he-r a-s-p-e-e-fes-,— 



according to a first aspect of the present invention, there 
is provided a plasma processing method for generating plasma 
within a vacuum chamber and processing a substrate placed on 
a substrate electrode within the vacuum chambetA the/ method 

i 

compel saaffia^) 

'generating the plasma by supplying a high- 
10 frequency power having a frequency of 50 MHz to 3 GHz to a 
counter electrode provided opposite to the substrate while 
interior of the vacuum chamber is controlled to a specified 
pressure by introducing gas into the vacuum chamber and, 
simultaneously therewith, evacuating t he ^ interior of the 

15 vacuum chamber^ a«R^ ^3 , „ ^ 

p iuuu^iiig the substrate ^^usinaihe generated 
plasma while plasma distribution of the plasma on the 
substrate is controlled by an annular, groove-like plasma 
trap provided opposite to the substrate. 
2 0 According to a second aspect of the present 

invention, there is provided a plasma processing method for 
generating plasma within a vacuum chamber and processing a 
substra£e~>laced on a substr^fc^ electrode within the vacuum 
chambjei0 phgf method comprisj 
25 ^ ^generating the plasma by radiating electromagnetic 
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waves into the vacuum chamber via a dielectric window 
provided opposite to the substrate by supplying a high- 
frequency pow^rljaving a frequency of 50 MHz to 3 GHz to an 
;enna whifle v ipo:erior of the vacuum chamber is controlled 
5 f pe>Ja specified pressure by introducing gas into the vacuum 
chamber and, simultaneously therewith, evacuating the 
interior of the vacuum chambe:i^^a**d^ 

pro c eaai - n g substrate/by osirrg the generated 

plasma while plasma distribution of the plasma on the 
10 substrate is controlled by an annular, groove-like plasma 
trap provided opposite to the substrate. 

According to a third aspect of the present 
invention, there is provided a plasma processing method 
according to the first aspect, wherein the substrate is 
15 processed while a portion surrounded by the plasma trap out 
of a surface forming an inner wall surface of the vacuum 
chamber and opposing the substrate has an area 0.5 to 2.5 
times that of the substrate. 

According to a fourth aspect of the present 
20 invention, there is provided a plasma processing method 
according to the first aspect, wherein the substrate is 
processed while the plasma trap has a groove width of 3 mm 
to 50 mm. 

According to a fifth aspect of the present 
25 invention, there is provided a plasma processing method 
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according to the first aspect, wherein the substrate is 
processed while the plasma has a groove depth of not less 
than 5 mm. 

According to a sixth aspect of the present 
5 invention, there is provided a ' plasma processing method 
according to the first aspect, wherein the substrate is 
processed while the plasma trap is provided in the counter 
electrode. 

According to a seventh aspect of the present 

10 invention, there is provided a plasma processing method 
according to the first aspect, wherein the plasma is 
generated while the plasma trap is provided outside an 
insulating ring for insulating the vacuum chamber and the 
counter electrode from each other. 

15 According to an eighth aspect of the present 

invention, there is provided a plasma processing method 
according to the first aspect, wherein the plasma is 
generated while the plasma trap is provided between the 
counter electrode and an insulating ring for insulating the 

20 vacuum chamber and the counter electrode from each other. 

According to a, ninth aspect of the present 
invention, there is provided a plasma processing method 
according to the first aspect, wherein the plasma is 
generated while the plasma trap is provided between the 

25 vacuum chamber and an insulating ring for insulating the 
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vacuum chamber and the counter electrode from each other. 

According to a 10th aspect of the present 



invention, there is provided a plasma processing method 
according to the second aspect, wherein the plasma is 
5 generated while the plasma trap is provided in the 
dielectric window. 

According to an 11th aspect of the present 
invention, there is provided a plasma processing method 
according to the second aspect, wherein the plasma is 
10 generated while the plasma trap is provided outside the 
dielectric window. 

According to a 12th aspect of the present 
invention, there is provided a plasma processing method 
according to the second aspect, wherein the plasma is 
15 generated while the plasma trap is provided between the 
vacuum chamber and the dielectric window. 

According to a 13th aspect of the present 
invention, there is provided a plasma processing method 
according to the first aspect, wherein the plasma is 
20 generated while DC magnetic fields are absent within the 
vacuum chamber. 

According to a 14th aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: 
25 <a vacuum chamber; 




'a gas supply unit for supplying gas into the 
vacuum chamber; 




^an evacuating device for evacuatingj^^terior of 
the vacuum chamber; 

^a substrate electrode ' for platcing thereon a 
substrate within the vacuum chamber; 



^a counter electrode provided opposite to the 
substrate electrod e; 

(Thigh- frequency power supply capable of supplying 
10 a high-frequency power having a frequency of 50 MHz to 3 
GHz to the counter electrode; and 

("an annular, groove-like plasma trap provided 
opposite to the substrate. 

According to a 15th aspect of the present 
15 invention, there is provided a plasma processing apparatus 
comprising: 

-a vacuum chamber; 





a gas supply unit for supplying gas into the 
vacuum chamber; \ , ^ 

> / -if-, 

2 0 Can evacuating device for evacuating j.pfxerior of 

the vacuum chamber; ^ — ^ 

substrate electrode for placing thereon a 
substrate within the vacuum chamber; 



^a dielectric window provided opposite to the 
25 substrate electrode; 



15 





'an antenna for radiating electromagnetic waves 

into the^vacuum chamber via the ^iielectric window; 

h high-frequency power supply capable of supplying 
a high-frequency power having a frequency of 50 MHz to 3 
5 GHz to the ante nna; and 

^^an annular^ groove-like plasma trap provided 
opposite to the substrate. 

According to a 16th aspect of the present 
invention, there is provided a plasma processing apparatus 
10 according to the 14th aspect, wherein a portion surrounded 
by the plasma trap out of a surface forming an inner wall 
surface of the vacuum chamber and opposing the substrate has 
an area 0.5 to 2.5 times that of the substrate. 

According to a 17th aspect of the present 
15 invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap has a 
groove width of 3 mm to 50 mm. 

According to a 18th aspect of the present 
invention, there is provided a plasma processing apparatu 
20 according to the 14th or 15th aspect, wherein the plas: 
has a groove depth of not less than 5 mm. 

According to a 19th aspect of. the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap is 
25 provided in the counter electrode. 
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According to a 20th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap is 
provided in an insulating ring for insulating the vacuum 
5 chamber and the counter electrode from each other. 

According t to a 21st aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap is 
provided outside an insulating ring for insulating the 
10 vacuum chamber and the counter electrode from each other. 

According to a 22nd aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap is 
provided between the counter electrode and an insulating 
15 ring for insulating the vacuum chamber and the counter 
electrode from each other. 

According to a 23rd aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein the plasma trap is 
20 provided between the vacuum chamber and an insulating ring 
for insulating the vacuum chamber and the counter electrode 
from each other. 

According to a 24th aspect of the present 
invention, there is provided a plasma processing apparatus 
25 according to the 15th aspect, wherein the plasma trap is 



17 



provided in the dielectric window. 

According to a 25th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 15th aspect, wherein the plasma trap is 
5 provided outside the dielectric window. 

According ^ to a 2 6th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 15th aspect, wherein the plasma trap is 
provided between the vacuum chamber and the dielectric 
1 0 window . 

According to a 27th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 14th aspect, wherein no coil or permanent 
magnet for applying DC magnetic fields is provided within 

15 the vacuum chamber. 

According to a 2 8 th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the first aspect, further comprising a 
matching box for use in the plasma processing apparatus and 

2 0 for taking impedance matching in supplying^high-f requency 
power to a loader) the matching box comprise 



^ahigh-frequency input terminal; 




Gafirst reactive element having one end connected 
to the high-frequency input terminal and the other end 
25 connected to a matching box casing; " ' 
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a high-frequency output terminal; and <~y 

second reactive element having one end 



connected to the high-frequency input terminal and the 
other end connected to the high-frequenc y outp _ut^term. inal^ -fe p 
5 wheseiH ffhe second reactive element and the high- 

frequency output terminal are so arranged that the second 
reactive element is located, on a straight line passing 
through a center axis of the high-frequency output terminal. 
According to a 29th aspect of the present 
10 invention, there is provided a plasma processing apparatus 
according to the 28th aspect, wherein the first reactive 
element and the second reactive element are capacitors, 
respectively. 

According to a 30th aspect of the present 
15 invention, there is provided a matching box for use in a 
plasma processing apparatus and for taking impedance 
matching in supplying— fc^igh-f requency power to a loac^^Che 
matching box ^ comp ris ^^r^j ^ ^Z^ 

(a high-frequency input terminal; ^"^) 
20 first reactive element having one end connected 

to the high-frequency input terminal and the other end 

connected to a matching box casing; \ 

f — — 

^a high-frequency output terminal; and 

^a second reactive element having one end 

25 connected to the high-frequency input terminal and the 
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other end connected to the high-frequency output terminal^x^) 

second reactive element and the high- 
frequency output terminal are so arranged that the second 
reactive element is located on a straight line passing 
through a center axis of the high-frequency output terminal. 

According to a 31st aspect of the present 
invention, there is provided a matching box for a plasma 
processing apparatus according to the 30th aspect, wherein 
the second reactive eleme nt and the high-frequency output 
terminal are \so y^rranged^ that a straight line passing 
through a center axis of the second reactive element and a 
straight line passing through the center axis of the high- 
frequency output terminal are generally coincident with 
each other. 

According to a 32nd aspect of the present 
invention, there is provided a matching box for a plasma 
processing apparatus according to the 30th aspect, wherein 
the first reactive element and the second reactive element 
are capacitors, respectively. 

According to a 33rd aspect of the present 
invention, there is provided a matching box for a plasma 
processing apparatus according to the 30th aspect, wherein 
the first reactive element and the second reactive element 
are (^soy^^anged^ that a straight line passing through a 
center axis of the second reactive element and a straight 
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line passing through a center axis of the first reactive 
element are generally coincident with each other. 



According to a 34th aspect of the present 
invention, there is provided a matching box for a plasma 
5 processing apparatus according to the 30th aspect, wherein 
the high-frequency output terminal is the other end itself 
of the second reactive element. 

According to a 35th aspect of the present 
invention, there is provided a plasma processing method for 
10 generating plasma within a vacuum chamber and processing a 
substrate placed on a substna*^ electrode within the vacuum 
chambers the method compris 





(-s^) Crranging^aT straight line passing through a 
center axis of the high-frequency coupling device, a 
15 straight line passing through a center axis of the counter 
electrode or antenna, and a straight line passing through a 
center axis of the substra/e v ats to be generally coincident 



togethei^ Ti\t 




cen t roll L ag ^interior of the vacuum chamls^r &o^a 
20 specified pressure by introducing a gas into the vacuum 
chamber and, simultaneously therewith, exhausting the 
interior of the vacuum chamber^^^) ^ {r&$J<P*&P 

gener^tift^- ^The pi a sma^^iT^app lying a high- 
frequency power having a frequency of 50 MHz to 300 MHz to 
25 a counter electrode or antenna provided opposite to the 
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substrate via the matching box as defined in the 30th 
aspect and a high-frequency coupling device provided to 

connect a high-rrequency output terminal of the matciTfng 

box and the counter el ectro de or antenna to each other^a***^ 
5 proceedin g Ihe substr^e^J&y^TIs±^ 

plasma. ^ (j*^^ 

According to a 36th aspect of the present 
invention, there is provided a plasma processing method f 

a^ordlng~Eb\ the 35th aspect, farther — comprising a ^before Ac^ 0 ^ 

S^wenAfrft)*}!^ ) AT" 
10 ( eoa^o l li ng the interior of the vacuum chamber -fee the 

specified pressure^ ^~^) 

s o - arranging- $ straight line passing through a 

center axis of the high-frequency output terminal and a 

straight line passing-through thX center axis of the high- 
ly 6I& fll^rJ^ i$ J 

15 frequency coupling i^evice *as to^>e generally coincident with 

each other^ ^L- 

wbe^eein the plasma is generated with the straight 
line passing through the center axis of the high-frequency 
output terminal and the straight line passing through the 
center axis of the high-frequency coupling device being 
generally coincident with each other. 

According to a 37th aspect of the present 
invention, there is provided a plasma processing method s> 
ac^r,dingN:o the 35th aspect, f urth e r — c ompr jr sarf«p» ^before 
25 f coiiLu^^i^qJ the interior of the vacuum chamber teoy the 
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specified pressure^ £r-\ 




ao aiiaiiyingC the^Trgt reactlv£\ element and the 



second reactive elementM'that^a. — -sl^aXght line passing 
through a center axis of the second reactive element and a 
5 straight line passing through a center axis of the first 

reactive element a re ^ generally coincident with each other^^^ 

whprpi n The plasma is generated with the straight 
line passing through the center axis of the second reactive 
element and the straight line passing through the center 
10 axis of the first reactive element being generally 
coincident with each other. 

According to a 38th aspect of the present 
invention, there is provide^ a '"plctsma processip^^e-fehoti" 
according to the 35th aspect Kc^p£^^^ bftforp (n rmt-rn O JU n g 
15 the interior of the vacuum chamber. Jthe specified 



pressure, ^ 




a«^aftgi»g *the high-frequency output teri^inal ^so 
as to be the other end itself of the second reactive 
element, fi^O —\ 

*#herein ^the plasma is generated with the high- 



frequency output terminal being the other end itself of the 
second reactive element. 

According to a 39th aspect of the present 
invention, there is provided j& ptctsnia processing method 

At* U\hO\+\ 

25 according to the 35th aspect, leoiupilsliWf^ jbefore controlling 
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the interior of the vacuum chamber ( J#b J the specified 
pressure, 




arranging 'substantial distajice from t^e other end 
of the second^ re§^tT^e element to thfe\ counter electrode or 
antennav to be /n< it W fe than 1/10 o(f wavelength of the high- 




frequency powei^^ 

(the plasma is generated with the 
substantial distance from the other end of the second 
reactive element to the/rioihater electrode or antenna being 

m& 1 

10 not more than 1/10 off: ^wa^elength of the high-frequency 
power . 

According to a 40th aspect of the present 
invention, there is provided a plasma processing method for 
generating plasma within a vacuum chamber and processing a 
15 substrat^olaced on a substnata electrode within the vacuum 
chamb^r^che method compris in g"? J 

/ —S^L-— 

9cr c arranging a straight line passing through a 

center axis of the high-frequency coupling device, a 

straight line passing through a center axis of the counter 

20 electrode or antenna, and a/^trkight line passing through a 

fso J 

center axis of the substrafte v ap to be generally coinc ident 
togethei^ ^T^C 




cctf^jeo- llin g ^interior of the vacuum chkmber 



specified pressure by introducing a gas into the vacuum 
25 chamber and, simultaneously therewith, oxhauoting - the 




interior of the vacuum cha\s 

plasma^^y applying a high- 
frequency power having a frequency of 50 MHz to 300 MHz to 
a counter electrode or antenna provided opposite to the 
substrate via the matching box ' as defined in the 30th 
aspect and a high-frequency coupling device provided to 
connect a high-frequency output terminal of the matching 
box and the counter electrode or antenna to each other^and 
p rocessing the substra^^ by usi^g the generated 
10 plasma. v 1 J 

According to a 41st aspect of the present 
invention, there is provided a plasma_proG©^ing method 
according to the 40th aspect, f urthek compri^ ii nW before 
controlling the interior of the vacuum chamber to the 

15 specified pressure, ^ ^ 

so — ai ranging *a straight line passing through a 
center axis of the high-frequency output terminal and a 



straight line passing^ through the ^efrter axis of the high- 
frequency coupling device ^as to be generally coincident with 



2 0 each other^, 



"The plasma is generated with the straight 
line passing through the center axis of the high-frequency 
output terminal and the straight line passing through the 
center axis of the high-frequency coupling device being 
25 generally coincident with each other* 
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According to a 42nd aspect of the present 
invention, there is provided a plasm^^y iuc^iJ fc ilirgx method 



according to the 40th aspect, f urther — cuiupj-ia - in^ V before 

^ — ^/%r) 

controlling the interior of the vacuum chamber L%h /the 

specified pressure, ^1 

*»U aiidiiying ^tktfn first variable capacitor and the 
second variable capacitor ^that^ja/ straight line passing 
through a center axis of the second variable capacitor and 
a straight line passing through a center axis of the first 
variable capacitor are generally coincident with each other^ 

w he - ro 4 * i The plasma is generated with the straight 
line passing through the center axis of the second variable 
capacitor and the straight line passing through the center 
axis of the first variable capacitor being generally 
15 coincident with each other. 

According to a 43rd aspect of the present 
invention, there is providecL^a^ plasrtta processing method 
according to the 40th aspect, \ compi i b ±u*$*J be fore controlling 
the interior of the vacuum chamber to the specified 
20 pressure, 

\f f\(z£f\« 6£P 

axrafi-gittg v the high-frequency output ternknal ^so 
as to be the other end itself of the second reactive 

element^ < ^ 

wterodbn The plasma is generated with the high- 
25 frequency output terminal being the other end itself of the 
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second variable capacitor. 

According to a 44th aspect of the present 



invention, there is provided a plasip—^-foces^sng method 
according to the 40th aspect, f urther . comprioip^ before 
controlling the interior of the vacuum chamber to the 
specified pressure, A 




at tain/ lug ^substantial di s t ^x£e^4r orn^h^ other end 
of the secetffcT^ariable capacitor to the counter electrode 
or anteni^to/be not more than 1/10 of wavelength of the 
10 high-frequency power^ 

plasma is generated with the 
substantial distance from the other end of the second 
variable capacitor to the counter electrode or antenna to 
be not more than 1/10 of wavelength of the high-frequency 
15 power. 

According to a 45th aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising: ^ 

<^a vac uum chamber; ^ ^^> 
20 a gas supply unit for supplying gas into the 

vacuum chamber; 4^— 

Can evacuating device for evacuating v ijy£erior of 
the vacuum chamber; 
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c a substrate electrode for placing thereon a 
substrate within the vacuum chamber; "~ — 
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counter electrode or an antenna provided 
opposite to the subst rate ^lectrode^^ ^ ) 

~~Pi high-frequency power supply capable of supplying 
a high-frequency power having a frequency of 50 MHz to 300 
MHz to the counter electrode or antenna; 



the matching box as defined in the 30th aspect; 

and 4r x 

^a high-frequency coupling device for connecting 
the high-frequency output terminal of the matching box and 
the counter electrode or antenna to each othe^>5- 

wk&z^S/sk straight line passing through a center 
axis of the high-frequency coupling device, a straight line 
passing through a center axis of the counter electrode or 
antenna, and a straight line passing through a center axis 
of the substrate are ^so l^rranged") as to be generally 
coincident together. 

According to a 4 6th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 45th aspect, wherein a straight line 
passing through a center axis of the high-frequency output 
terminal and a straight line passing through the center axis 
of the high-frequency coupling device are (so /arranged) as to 
be generally coincident with each other. 

According to a 4 7 th aspect of the present 
25 invention, there is provided a plasma processing apparatus 
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according to the 45th aspect, wherein the first reactive 
element and the second reactive element are [soJ^aL^anged^) 



that a straight line passing through a center axis of the 
second reactive element and a straight line passing through 
a center axis of. the first reactive element are generally 
coincident with each other. 

According to a 48th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 45th aspect, wherein the high-frequency 
output terminal is the other end itself of the second 
reactive element. 

According to a 49th aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 45th aspect, wherein substantial distance 
from the other end of the second reactive element to the 
counter electrode or antenna is not more than 1/10 of 
wavelength of the high-frequency power. 

According to a 50th aspect of the present 
invention, there is provided a plasma processing apparatus 
comprising^ 1 




"a vacuum chamber; 



3 



^ gas supply^ unit for supplying gas _into the 
vacuum chamber; ^T^> 



Can evacuating device for evacuating ^int-erior of 
the vacuum chamber; 
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(-a substrate electrode for placing thereon a 



substrate within the vacuum chamber; 



a counter electrode or an antenna provided 
opposite to the substrate electrode; *^~) 

high-frequency power supply capable of supplying 
a high-frequency power having a frequency of 50 MHz to 300 
MHz to the counter electrode or antenna; 

Cthe matching box as defined in the 30th aspect; 
and ^ 

10 /a high-frequency coupling device for connecting 

the high-frequency output terminal of the matching box and 
the counter electrode or antenna to each othe^^^ 

where h i A straight line passing through a center 
axis of the high-frequency coupling device, a straight line 

15 passing through a center axis of the counter electrode or 
antenna, and a straight line passing through a center axis 
of the substrate are ^so^yarxanged^ as to be generally 
coincident together • 

According to a 51st aspect of the present 

20 invention, there is provided a plasma processing apparatus 
according to the 50th aspect, wherein the plasma is 
generated while the straight line passing through the 
center axis of the high-frequency output terminal and the 
straight line passing through the center axis of the high- 

25 frequency coupling device araf soJ arranged) as to be generally 
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coincident with each other. 

According to a 52nd aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 50th aspect, wherein a first variable 
capacitor and a second variable capacitor are "^so^a^anged) 
that a straight line passing through a center axis of the 
second variable capacitor and a straight line passing 
through a center axis of the first variable capacitor are 
generally coincident with each other. 

According to a 53rd aspect of the present 
invention, there is provided a plasma processing apparatus 
according to the 50th aspect, wherein the high-frequency 
output terminal is the other end itself of the second 
variable capacitor . 

According to a 54th aspect of the present 



invention, there is provided a plasma^processing apparatus 
according to the 50th aspect, wherei(nj^substantial distance 
from the other end of the second variable capacitor to the 
counter electrode or antenna is not more than 1/10 of 

20 1 "'wavelength of the high-frequency power. 
BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 

25 embodiments thereof with reference to the accompanying 
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drawings, in which: 

Fig. 1A is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
first embodiment of the present invention; 
5 Fig. IB is a plan view of plasma trap of the 

plasma processing apparatus of Fig. 1A; 

Fig. 2 is a chart showing measuring results of 
ion saturation current density in the first embodiment of 
the present invention; 
10 Fig. 3 is a sectional view showing the 

constitution of a plasma processing apparatus employed in a 
second embodiment of the present invention; 

Fig. 4 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
15 third embodiment of the present invention; 

Fig. 5 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
fourth embodiment of the present invention; 

Fig. 6 is a sectional view showing the 
20 constitution of a plasma processing apparatus employed in a 
fifth embodiment of the present invention; 

Fig. 7 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
sixth embodiment of the present invention; 
25 Fig. 8 is a sectional view showing the 



32 



constitution of a plasma processing apparatus employed in a 
seventh embodiment of the present invention; 

Fig. 9 is a chart showing measuring results of 
ion saturation current density in the seventh embodiment of 
5 the present invention; 

Fig. 10 is a sectional view showing the 
constitution of a plasma processing apparatus employed in 
an eighth embodiment of the present invention; 

Fig. 11 is a sectional view showing the 
10 constitution of a plasma processing apparatus employed in a 
ninth embodiment of the present invention; 

Fig. 12 is a sectional view showing the 
constitution of a plasma processing apparatus employed in 
another embodiment of the present invention; 
15 Fig. 13 is a sectional view showing the 

constitution of a plasma processing apparatus employed in 
another embodiment of the present invention; 

Fig. 14 is a plan view 6f ^cphstitution of plasma 
traps employed in another embodiment of the present 
20 invention; 

Fig. 15 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
prior art example; 

Fig. 16 is a sectional view showing the 
25 constitution of a plasma processing apparatus employed in a 
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prior art example; 

Fig. 17 is a chart showing measuring results of 
ion saturation current density in a prior art example; 

Fig. 18 is a chart showing measuring results of 
ion saturation current density in a prior art example; 

Fig. 19 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
tenth embodiment of the present invention; 

Fig. 20 is a chart showing measuring results of 
ion saturation current density in the tenth embodiment of 
the present invention; 

Fig. 21 is a sectional view showing the 
constitution of a plasma processing apparatus employed in 
an eleventh embodiment of the present invention; 

Fig. 22 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
twelfth embodiment of the present invention; 

Fig. 23 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
thirteenth embodiment of the present .invention; 

Fig. 24 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
prior art example; 

Fig. 25 is a chart showing measuring results of 
ion saturation current density in the prior art example; 
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Fig. 26 is a sectional view showing the 
constitution of a plasma processing apparatus employed in 



another prior art example; 

Fig. 27 is a sectional view showing the 
5 constitution of a plasma processing apparatus employed in a 
modification of the third embodiment of the present 
invention; 

Fig. 28 is a sectional view showing the 
constitution of a plasma processing apparatus employed in a 
10 modification of the eighth embodiment of the present 
invention; 

Fig. 29 is a sectional view showing the 
constitution of a plasma processing apparatus where the 
plasma processing apparatus in the tenth embodiment of the 
15 present invention in Fig. 19 and the plasma processing 
apparatus in the modification of the third embodiment of 
the present invention in Fig. 27 are combined* with each 
other; and 

Fig. 30 is a sectional view showing the 
20 constitution of a plasma processing apparatus where the 
plasma processing apparatus in the eleventh embodiment of 
the present invention in Fig. 21 and the plasma processing 
apparatus in the modification of the eighth embodiment of 
the present invention in Fig. 28 are combined with each 
25 other. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout the accompanying 
drawings . 

Hereinbelow, embodiments according to the present 
invention are described in detail with reference to the 
accompanying drawings . 

A first embodiment of the present invention is 
described below with reference to Figs. 1A, IB, and 2. 

Fig. 1A shows a sectional view of a plasma 
processing apparatus employed in the first embodiment of 
e present invention. Referring to Fig^x 1A, while 

' . An 

tenor of a vacuum chamber 1 is maintained(fc6/a specified 
15 pressure by introducing a specified gas f ?6m\ a gas supply 
unit 2 into the vacuum chamber 1 and ^Simultaneously 
performing evacuation by a pump 3 as an evacuating device, 
a high-frequency power of 100 MHz is supplied to a counter 
electrode 5 by a counter-electrode-use-high- frequency power 
20 supply 4. Then, plasma is generated in the vacuum chamber 
1, where plasma processing such as etching, deposition, and 
surface reforming can be carried out on a substrate 7 
placed on a substrate electrode 6. A substrate-electrode- 
use-high-frequency power supply 8 for supplying high- 
frequency power to the substrate electrode 6 is also 
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provided, so that ion energy that reaches the substrate 7 
can be controlled. Also, an annular, . groove- like plasma 
trap 9 shown in Figs. 1A and IB is provided opposite to the 
substrate 7, making it possible to process the substrate 7 
while the plasma distribution on the substrate 7 is 
controlled. The plasma trap 9 is provided in the counter 
electrode 5. Out of surfaces forming injier wall surfaces 
of the vacuum chamber 1 and opposing the substrate 7, jt *- L ^ rn2 ° C ^' 
portion 10 (cross hatched portion) surrounded by the plasma 
trap 9 has an area 0.8 time that of the substrate 7, as one 
example. Also, the groove width of th^plksma trap 9 is 10 
mm, and the groove depth of the plasma ^9 As 15 mm, as one 
example. In addition, the counter electrode 5 is insulated 
from the vacuum chamber 1 by an insulating ring 11. 

Fig. 2 shows measuring results of ion saturation 
current density at a position [ ^20 mm ^Jjust) above the 
substrate 7. Conditions for plasma generation are gas type 
of Cl 2 and gas flow rate of 100 seem, a pressure of 1 Pa, 
and a high-frequency power of 2 kW, as one example^T^srt can 
20 be--&nder stood from Fig. 2 that the tendency /fefea* plasma 

s -fo \ y _ 

^ wouldy be richer in peripheral regions as shown in Fig. 17 
is suppressed, and that uniform plasma is generated. 

The reason why the uniformity of plasma is 
improved like this as compared with the plasma processing 
25 apparatus shown in Fig. 15 of the prior art example could 
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be -considered as follows. Electromagnetic waves radiated 
from the counter electrode 5 are intensified by the plasma 
trap 9. Also, since plasma of low electron temperature 
tends to cause hollow cathode discharge, high density 
5 plasma (hollow cathode discharge) is more likely to be 
generated by the plasma trap 9 surrounded by the solid 
surfaces. Accordingly, in the vacuum chamber 1, plasma 
density becomes the highest at the plasma trap 9, and 
through transport of plasma to vicinities of the substrate 
10 7 by diffusion, uniform plasma can be obtained. 

In addition, the hollow cathode discharge is as 
described below. Generally, because a solid surface in 
contact with plasma is negatively charged due to 
differences in thermal motion velocity between electrons 
and ions, DC electric fields that repel electrons from the 
solid surface are generated on the solid surface. In a 
space surrounded by solid surfaces, as in the plasma trap 9 
illustrated in the f irst^mb^ment of the prjj-sJsnt 
invention, the probability ( at whieh ^electrons colli<^£$/ith 
the solid surf ac&s^iT~loy^red by the presence of the DC 
electr^c f ields,\^jrad»n^^Ke life of the electrons . ^e-ST 
j>rolo ngedJ) As a result, high-density plasma is generated 
in the plasma trap 9. Such a discharge is referred to as 
hollow cathode discharge. 

The first embodiment of the present invention has 
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been described above^afythe case where the plasma trap 9 is 
.provided in the counter electrode 5. In this case, however, 
re is a possibility that a self-bias voltage developed 




the counter electrode 5 causes high-density ions present 

5 in thepplasma traru-9^K 0 collide with the counter electrode 
(A J f UuCu 

5 at^V/high energy *s/> that sputtering of the counter 

electrode 5 may occur. The sput^^ig of the counter 
electrode 5 may 0Se) shorten^fc^Ye of the counter 
electrode 5 or mix^)(gf impurities into the substrate 7, 
10 thus being undesirable. This can be avoided by providing 
the plasma trap in portions other than the counter 
electrode 5. For example, the plasma trap 9 may be 
provided in the insulating ring 11 as shown in a second 
embodiment of Fig. 3. Also, the plasma trap 9 may be 
provided outside the insulating ring 11, that is, in a 
metallic upper wall la of the vacuum chamber 1 as shown in 
a third embodiment of Fig. 4. Further, (a^Twhen the 
plasma trap 9 is provided between the counter electrode 5 
and the insulating ring 11 as shown in a fourth embodiment 
of Fig. 5 or a fifth embodiment of Fig. 6, improvement can 
be attained more or less. Furthermore, the plasma trap 9 
may be provided between the upper wall la of the vacuum 
chamber 1 and the insulating ring 11 as shown in a sixth 
embodiment of Fig. 7. 

In Fig. 1A, the plasma trap 9 is defined by three 
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faces, that is, an inner face, an upper face, and an outer 

f ace of the counter electrode 5. In Fig. 3, the plasma 

trap 9 is defined by three faces, that is, an inner face, 
an upper face, and an outer face of the insulating ring 11. 
5 In Fig. 4, the plasma trap 9 is defined by three faces, 
that is, an inner face, an upper face, and an outer face of 
the upper wall la of the vacuum chamber 1 . ^Tn r lriJX 5, the 
plasma trap 9 is defined by an inner f acel ja-f 'th< 
electrode 5 and an upper face and an outer face 
10 insulating ring 11. m Fig. 6, the plasma^tr^p 9 i s 
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defined by an inner face and ^a^l^X facei of the^counter 

( fvfifrit OfJ ) — 

electrode 5 and an outer f ace\W v the^isulating ring 11 and 

the upper wall la of the vacuum chamber yT~^T~Fh^ . 7, the 

plasma trap 9 is defined by an inner fac< 




15 ring 11 and an upper face and an outer face 
wall la of the vacuum chamber 1. 

Next, a seventh embodiment of the present 
invention is described with reference to Figs. 8 and 9. 

Fig. 8 shows a sectional view of a plasma 
processing apparatus employed in the seventh embpt£m\mt of 
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the present invention. Referring to/Fig. 8, whille V ir/terior 
of a vacuum chamber 1 is maintained(£6/a specified pressure 
by introducing a specified gas from a gas supply unit 2 
into the vacuum chamber 1 and simultaneously performing 
evacuation by a pump 3 as an evacuating device, a high- 
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frequency power of 100 MHz is supplied to a spiral antenna 
13 by an antenna-use-high-frequency power supply 12, and 



electromagnetic waves are radiated into the vacuum chamber 
1 via a dielectric window 14 provided opposite (^f the 
substrate 7 placed on the substrate electrode 6. Then, 
plasma is generated in the vacuum chamber 1, where plasma 
processing such as etching, deposition, and surface 
.-reforming can be carried out on the substrate 7. (^±d^~, 
/ fa iubstrate-electrode-use-high-frequency power supply 8 for 
supplying high-frequency power to the substrate electrode 6 
is provided, so that ion energy that reaches the substrate 
7 can be controlled. Also, an annular, groove-like plasma 
trap 9 provided opposite to the substrate 7 makes it 
possible to process the substrate 7 while the plasma 
15 distribution on the substrate 7 is controlled. Th^P~La.sma 
trap 9 is provided in the dielectric window ^, u^ UfcJ 
defined by an inner, an upper, and an outer f aces^Sf 'the- 
dielectric window 14. Out of surface^Nof the vacuum 
chamber 1 opposing^) the substrate 7, (^portion 10 (cross 
hatched portion) surrounded by the plasma trap 9 has an 
area 0.8 time that of the substrate 7, as one example. 
Also, the groove width of tKe^plasma trap 9 is 10 mm, and 
the groove depth of the plas^a^ is 15 mm, as one example. 

Fig. 9 shows measuring results of ion saturation 
current density at a position 120 mm /just\ above the 
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suhstrate 7. Conditions for plasma generation are gas type 
of Cl 2 and gas flow rate of 100 seem, a pressure of 1 Pa, 
and a high-frequency power of 2 kW, as one example^It can 

^0 T3T ^ erSt00d fr ° m F±9 ' 9 that tendency (^^tlasma 

\w©ttidybe richer in peripheral regions as shown in Fig. 18 

is suppressed, and that uniform plasma is generated. 

The reason why the uniformity of plasma is 
improved like this as compared with the plasma processing 
apparatus shown in Fig. 16 of the prior art example could 
be considered as follows. Electromagnetic waves radiated 
from the spiral antenna 13 are intensified by the plasma 
trap 9. Also, since plasma of low electron temperature 
tends to cause hollow cathode discharge, high density 
plasma (hollow cathode discharge) is more likely to be 
generated by the plasma trap 9 surrounded by the solid 
surfaces. Accordingly, in the vacuum chamber 1, plasma 
density becomes the highest at the plasma trap 9, and 
through transport of plasma to vicinities of the substrate 
7 by diffusion, uniform plasma can be obtained. 
20 The seventh embodiment of the present invention 

has been described abovey^or/ the case where the plasma trap 
9 is provided in the dielectric window 14. However, the 
plasma trap 9 may also be provided outside the dielectric 
window 14 so as to be defined by three facesy"£Rat \s, an 
^ inner face, an upper face, and an outer fac£ ^f^they upper 
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^. nc> a io "1^ OlfiK&fa oWi)\(L PlASHA- 1«*f 

-o.*e -^uTfo- PCiiitWT^y' of -nir< p(A-'i")d T£/i -hjjQ not jwacC 

wall la of the vacuum chamber 1 as shown ' in an eighth ^ ~/~>K 



embodiment of Fig. 10. Further, the plasma trap 9 may be ' ftCU ° H 

c tip f n t£iL 

provided between the vacuum chamber 1 and the dielectric 

^ window 14 *fr as t&sbe defined by three faces, that is, an 

inner face\©# t^dl-eieetric window 141 fec^ ) and 

^~j^ToF&& ) 

an outer face ^the^iipper wall la of the vacuum chamber 

as shown in a n^jrth embodiment of Fig. 11 

The foregoing embodiments of the present 
invention as described above are given only by way of 
example as part of many variations of the configuration of 
the vacuum chamber 1, the configuration and arrangement of 
the counter electrode 6 or arUrenn^S 13, the configuration 
and arrangement of the dielectric^l/, and the configuration 
and arrangement of the plasma trap 9, within the 
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application scope of ' the present invention. It is needless 
to say that the present invention may be applied in other 
various ways besides the examples given above. For examp" 
whereas the foregoing embodiments have been described^Sj^ 
the case where the counter electrode 6 is circular shaped, 
the counter electrode may also be formed in-laA polygonal, 
elliptical, or other shape . Also, whereate ^ach of the 
foregoing caseS jh^ ~b e on th rtrjthe antenna 13 is^^iral 
shaped, the antenna may be formed in a flat-plate, spoke, 
or other shape. Otherwise, the present invention may also 
be applied to a surface-wave plasma processing apparatus 
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having a cavity resonator 15, as shown in Fig. 12, where 
the cavity resonator 15 is regarded as an antenna. 
Furthermore, the present invention may be applied to a 
surface-wave plasma processing apparatus having a cavity 
resonator 15 and a slot antenna 16, as shown in Fig. 13. 

The foregoing embodiments of the present 
invention have been described l^T/he case where the plasma 
trap 9 is annular shaped. However, the plasma trap 9 may 
also be formed into a polygonal, elliptical, or other shape 
in accordance with the configuration of the substrate 7. 
Otherwise, the plasma trap 9 may be formed into a shape 
that is not a closed annular shape but a divisional, yet 
generally annular shape as shown by the plan view of Fig. 
14. The above various kinds of (^^arrangement of the 
Plasma trap 9 in Figs. 8, 10, and 11 etc. can be applied to 
the apparatus of Figs. 12 and 13. 

Further, whereas the first or seventh ^embodiment 
of the present invention has been described(£rfythe case 
where a high-frequency power of 100 MHz is supplied to the 
counter electrode 6 or antenna 13, the frequency is not 
imited to this and the present invention is effective for 
Vj^lasma processing method and apparatus using frequencies of 
50 MHz to 3 GHz. 

Also, each of the first to seve^£h\embodiments of 
25 the present invention has been describedf^Vhe case where, 
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out- of surfaces forming the inner wall surfaces of the 
vacuum chamber 1 and opposing the substrate 7, the ar ^ of 
the portion surrounded by the plasma trap 9 is 0.8 ti^LT 
area of the substrate 7. However, it is desirable tha^the 
5 area of this portion be 0.5 - 2.5 times the area of the 

SUh jfJ te 7 " " th ? arSa ° f th±S Potion is less than 0.5 
tirn^he area of the substrate 7, it is difficult to obtain 
uniform plasma in vicinities of the substrate 7 even with a 
sufficient distance between the substrate 7 and the plasma 
10 trap 9. Also, if the area of this portion is over 2.5 
times the area of the substrate 7, it is necessary to keep 
an extremely large distance between the substrate 7 and the 
Plasma trap 9 in order to obtain uniform pl asma in 
vicinities of the substrate 7. This, undesirably, would 

15 CaUSe (^f PParatUS t0 be Creased in size, an^/cessive 
burdei\S^ e imposed on the pump 3 to hold the interior of 
the vacuum chamber 1 at a low pressure. For example, when 
the substrate has a diameter of 300 mm and the plasma trap 
has a diameter of 200 mm, the area of this portion 
surrounded by the plasma trap is 0.5 times the area of the 
substrate. When the substrate has a diameter of 300 mm and 
the plasma trap has a diameter of 300 mm, the area of this 
portion surrounded by the plasma trap is 2.5 times the area 
of the substrate. 

Also, each of the first to seventh embodiments of 
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the present invention has been described 5£the case where 
the groove width of the plasma trap 9 is 10 mm. However, 
— i-t— is desirable that the groove width of the plasma trap 9 
be within a range of 3 mm - 50 mm. If the groove width is 
less than 3 mm, or (Ijfover 50 mm, there is a possibility 
that hollow cathode discharge does not occur by the plasma 
trap 9. 

Sltso, whereas the foregoing embodiments have been 
described^rt/the case where the groove of the plasma trap 9 
is rectangular section-shaped, th^__gxeew-^ectional shape, 
may be U-shaped, V-shaped, or (rf a jj i^^ s^mbination of 
rectangular shape, U-shape, and V-shape. 

Also, each of the first to sevea€HXembodiments of 
the present invention has been describe^e^the case where 
15 the groove depth of the plasma trap 9 is 15 mm. However, 
it is desirable that the groove depth of the plasma trap 9 
be not less than 5 mm. If the groove depth is less than 5 
mm, there is a possibility that hollow cathode discharge 
does not occur. 

The plasma processing apparatus of the third 
embodiment in Figs. 4 and 10 may be applied in a case where 
the area surrounded by the plasma trap 9 is larger than the 
area of the substrate 7. In this case, it is suitable to 
use per-fluorocarbon gas such as CF, gas, C 2 F 6 gas, C 4 F B gas, 
C 5 F B gas, etc. or hydro-f luprocarbon such as CHF 3 gas, CH 2 F 2 , 
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20 



etc 



On the other hand, a plasma processing appamt-n . 



of a modification of the third embodiment in Fig. 27 and a 
Plasma processing apparatus of a modification of the eighth 
5 embodiment in Fig. 28 may be applied in a case where the 
area surrounded by the plasma trap 9 is not larger than the 
area of the substrate 7. m this case, i^Ts^table to 
use Boron-based gas such as HBr gas, or(g^ sed gas 
such as Cl 2 gas, BC1 3 gas, HC1 gas etc./^ "\ 

Please note that although itU^delic^ibed as one 
example that the using gas is applied depending on the area 
surrounded by the plasma trap, tt^tW selection of the 
using gas is not limited to thi(2 Thi optimum condition 
can be determined while ref errin^b^sure, power, mixed 
gas, and the like because the optimum selection of the 
using gas depends on the conditions such as pressure, power, 
mixed gas, and the like. 

Also, the foregoing embodiments of the present 
invention have been de scribed (S^t he case where DC magnetic 
fields are absent in the vacuum chamber 1. However, the 
Present invention is also effective for cases where such 
large DC magnetic fields as to allow high-frequency power 
to penetrate into the plasma are absent, for example, a 
case where small DC magnetic fields on the order of several 
tens gausses are used for improvement in ignitability . Yet, 
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the present invention is particularly effective for cases 
where DC magnetic fields are absent in the vacuum chamber 1. 



fls apparent from the above description, the 
Plasma processing method of the present invention for 
5 generating plasma within a vacuum chamber and processing a 
substrate^placed on « substrate electrode within the vacuum 
chamber^-**™*^) comprises^ generating the plasma by 
supplying a high-frequency power having a frequency of 50 
MHz to 3 GHz to a c^er electrode provided opposite to 
10 the -^rf^O/terior of the vacuum chamber is 
controlled (to^pecified pressure by introducing gas into 

the vacuum chamben^T^ar-n^J Ci™Ln- 

«*™e]^|amw j»in)!ultaneously therewith, 

(S^TT^Hng) the interior of^Cl i* €vncu*T03. 

~ J ^ iWm^^f vacuum chambe ^^ 

ing the generated plasma 
while (p^^ distribution of the plasma on the substrate is 
controlled by an annular, groove-like plasma trap provided 
opposite to the substrate. Thus, because the substrate is 
processed while the plasma distribution on the substrate is 
controlled by the annular, groove-like plasma trap provided 
opposite to the substrate, uniform plasma can be generated 
so that the substrate can be uniformly processed. 

Also, the plasma processing method of the present 
invention for generating plasma within a vacuum chamber and 
processing a substrate plac^don a substrate electrode 
within the vacuum chamber^^^^) comprises^nerating 
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the plasma by radiating electromagnetic waves into the 
vacuum chamber via a dielectric window provided opposite to 
-fe-he-sabstrafe-Dy supplying a high-frequency power^ving a 
frequency of 50 MHz to 3 GHz to an^an€e^n\ whi/e^ikterior 
of the vacuum chamber is controlled\to "a specified pres; 

introducing gas into the vacuum chamber^" a****- 
^ Wiltaneously therewith, e^e^g the interTo?>f the 



vacuum chamber^ £»*-p W ee« S W Thj substr^te^Wja^jig the 
generated plasma while plasma distribution of the plasma on 
the substrate is controlled by an annular, groove-like 
plasma trap provided opposite to the substrate. In this 
method, if the substrate is processed while the plasma 
distribution on the substrate is controlled by the annular, 
groove-like plasma trap provided opposite to the substrate, 
uniform plasma can be generated so that the substrate can 
be uniformly processed. 

Also, the plasma processing apparatus of the 
present invention comprises^ vacuum chamber; a gas supply 
unit for supplying gas into vacuum chamber; an 

evacuating device for evacuatin^riterior of the vacuum 
chamber; a substrate electrode for placing thereon a 
substrate within the Vacuum chamber; a counter electrode 
provided opposite to the substrate electrode; high-frequency 
power supply capable of supplying a high-frequency power 
having a frequency of 50 MHz to 3 GHz to the counter 
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electrode; and an annular, groove-like plasma trap provided 
opposite to the substrate. Thus, uniform plasma can be 
generated so that the substrate can be uniformly processed. 

Also, the plasma processing apparatus of the 
5 present invention comprises^ vacuum chamber; a gas supply 
unit for supplying gas into /tKeTN vacuum chamber; an 
evacuating device for evacuating ^interior of the vacuum 
chamber; a substrate electrode for placing thereon a 
substrate within the vacuum chamber; a dielectric window 
10 provided opposite to the substrate electrode; an antenna for 
radiating electromagnets waves into the vacuum chamber via 
the dielectric window/ v ^r gh- frequency power supply capable 
of supplying a high-frequency power having a frequency of 
50 MHz to 3 GHz to the antenna; and an annular, groove-like 
15 plasma trap provided opposite to the substrate. Thus, 
uniform plasma can be generated so that the substrate can 
be uniformly processed. 

Now, a tenth embodiment of the present invention 
is described below with reference to Figs. 19 and 20. 
20 Fig. 19 shows a sectional view of a plasma 

processing apparatus employed in the tenth embodiment of 
present invention. Referring to Fig. 19, ^fti^Le 
interior of a vacuum chamber 101 is maintained / &o J a 
specified pressure by introducing a specified gas from a 
25 gas supply unit 102 into the vacuum chamber 101 and 
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simultaneously performing evacuation by a pump 103 as an 
evacuating device, a high-frequency power of 100 MHz is 
supplied to a counter electrode 107 by a counter-electrode- 
use-high-frequency power supply 104 via a matching box 105 
5 and a high-frequency coupling device (mount) 106. Then, 
plasma is generated in the vacuum chamber 101, where plasma 
processing such as etching, deposition, and surface 
reforming can be carried out on a substrate 109 placed on a 
substrate electrode 108. A substrate-electrode-use-high- 

10 frequency power supply 110 for supplying high-frequency 
power to the substrate electrode 108 is also provided, so 
that ion energy that reaches the substrate 109 can be 
controlled. In addition, the counter electrode 107 is 
insulated from the vacuum chamber 101 by an insulating ring 

15 111. 

The matching box 105, which is used to take 
impedance matching in supplying high-frequency power to the 
counter electrode 107 as a load, comprises a high-frequency 
input terminal 112, a first variable capacitor 113, a high- 

20 frequency output terminal 114, a second variable capacitor 
115, a first motor 116, a second motor 117, and a motor 
control circuit 118. One end of the first variable 
capacitor 113 is conn^Gted.to the high-frequency input 
terminal 112, th^-o-feher end being connected to the matching 

25 box casing l/OSa^C anti One ^nd of the second variable 
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capacitor 115 is connected to the high-frequency input 
terminal 112, the o£her end being connected to the high- 
frequency output terminal 114. Also, a straight line 
forming the center axis of the second variable capacitor 
5 115, a straight line forming the center axis of the high- 
frequency output terminal 114, a straight line forming the 
center axis of the high-frequency coupling device (mount) 
106, a straight line forming the center axis of the counter 
electrode 107, and a straight line forming the center axis 

10 of the substrate 109 are arranged so as to be generally 
coincident together. Also, the first variable capa^c-Ltor 
113 and the second variable capacitor 115 are (so ^arranged] 
that the straight line forming the center axis of the 
second variable capacitor 115 and a straight line forming 

15 the center axis of the first variable capacitor 113 are 
generally coincident with each other. Further, a 

substantial distance 19 from the other end of the second 
variable capacitor 115 to the counter electrode 107 is 1/15 
(20 cm) of the wavelength (3 m) of the high-frequency power, 

20 as one example. 

Fig. 20 shows results of measuring ion saturation 
current density at a position |^0^^ above the 

substrate 109. Conditions for plasma generation are gas 
type of Cl 2 and gas flow rate of 100 seem, a pressure of 2 

25 Pa, and a high-frequency power of 1 kW, as one example. 
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Also, Fig. 19 shows the measuring position in Fig. 20. It 
can be understood from Fig. 20 that nonunif ormity of plasma 
as shown in Fig. 25, where plasma density is higher on one 
side of the measuring position, cannot be seen. 
5 The reason why the uniformity of plasma is 

improved like this t as compared with the plasma processing 
apparatus shown in Fig. 24 of the prior art example could 
be considered as follows. In the case where a high- 
frequency power of 50 MHz or higher is used, there develops 

10 a potential distribution in the counter electrode 107 under 
the effect of the arrangement of the second variable 
capacitor 115 within the matching box 105. However, in the 
tenth embodiment of the present invention, the potential 
distribution developed on the counter &iectrode\107 becomes 

15 concentric because of the arrangement! teha£ v a straight line 
forming the center axis of the second variable capacitor 
115, a straight line forming the center axis of the high- 
frequency output terminal 114, a straight line forming the 
center axis of the high-frequency coupling device (mount) 

20 106, a straight line forming the center axis of the counter 
electrode 107, and a straight line forming the center axis 
of the substrate 109 are generally coincident together. As 
a result, the electric fields within the vacuum chamber 101 
also become concentric so that the uniformity of plasma can 

25 be improved. 
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The foregoing tenths-embodiment of the present 

for) 

invention has been described! orfOthe case where the counter 



electrode 107 is used to generate plasma. However, the 
present invention is also effective for cases where a 
5 spiral antenna 120 is used as in an eleventh embodiment of 
the present invention shown in Fig. 21. In addition, in 
the eleventh embodiment of the present invention shown in 
Fig. 21, a dielectric window 121 is used. 

Also, the foregoing tenth and eleventh 

10 embodiments of the present invention are given only by way 
of example as part of many variations of the configuration 
of the vacuum chamber 101, the configuration . and 
arrangement of the counter electrode 107 or antenna 120, 
the configuration and arrangement of the dielectric 121, 

15 and the like within the application scope of the present 
invention. It is needless to say that the present 
invention may be applied in other various ways besides the 
examples given above. For example, whereas the te^rbh 
embodiment of the present invention has been described(jern/a 

20 case where the counter electrode 107 is circular shaped, 



the counter electrode may also be formed yn.aJ polygonal, 



elliptical^ or other shape. Also, whereas the foregoing 




case^( ^I b been tho£ ) the antenna 120 is^y spiral shaped, the 
antenna may be formed in a flat-plate, spoke, or other 
25 shape. 
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The foregoing tenth and eleventhr^embodiments of 
the present invention have been described^yifi yche case where 
the high-frequency power of 100 MHz^Ts supplied to the 
counter electrode 107 or antenna 12C^ *£he frequency is not 
5 limited to this and the present invention is effective for 
cases where frequencies of 50 MHz to 300 MHz are used. If 
the frequency is lower than 50 MHz, the uniformity of 
plasma can be easily obtained even without applying the 
present invention. Also, if the frequency is higher than 
10 300 MHz, it is difficult to take impedance matching b$ 
using two variable capacitors, giving rise to a need ( 
taking impedance matching by stubs. 

Also, the tenth and eleventh/^mhodiments of the 
present invention have been described/ J>*f A case where the 
15 first variable capacitor and the second variable capacitor 
are ^soj^a^anged^ that the straight line forming the center 
axis of the second variable capacitor and the straight line 
forming the center axis of the first variable capacitor are 
generally coincident with each otlmjr>v However, because the 
20 potential distribution developed Jz6 £he counter electrode 
107 is affected primarily by the arrangement of the second 
variable capacitor, the uniformity of plasma is greatly 
improved, as compared with the prior art? also when the 
straight line forming the center axis of the second 
25 variable capacitor 115 and the straight line forming the 
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center axis of the first variable capacitor 113 are not 
coincident with each other as in a twelfth embodiment of 



the present invention shown in Fig. 22. Such a 

constitution as shown in Fig. 22 is effective for cases 
5 where the matching box needs to be downsized, the 
constitution being included in the application scope of the 
present invention. 

Also, the twelf thr^Bmbodiment of the present 
invention has been described^ #fi/the case where the matching 

10 box has variable capacitors by way of example. However, 
the present invention produces similar effects also with a 
matching box having reactive elements such as variable 
inductors, fixed capacitors, or fixed inductors. 

Atso, ^rtTer-eit^) the twelfth embodiment has been 

15 described^ jtfy the case where the other end of the second 
variable capacitor 115 and the high-frequency output 
terminal are provided as separate members. However, the 
high-frequency output terminal 114 may be provided as the 
other end of the second variable capacitor 115 itself, as 

20 in a thirteenth embodiment of the present invention shown 
in Fig. 23. 

Also, the tenth embodiment of the present 
invention has been described ( ^jf /the case where the 
substantial distance from the other end of the second 
25 variable capacitor 115 to the counter electrode 107 is 1/15 
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of- the wavelength of the high-frequency power. It is 
desirable that the substantial distance from the other end 
of the second, variable capacitor 115 to the counter 
electrode 107 or antenna 120 be 1/10 or less of the 
5 wavelength of the high-frequency power. If the substantial 
distance from the other end of the second variable 
capacitor 115 to the counter electrode 107 or antenna is 
larger than 1/10 of the wavelength of the high-frequency 
power, the inductance from the other end of the second 

10 variable .capacitor 115 to the counter electrode 107 or 
antenna becomes too large, making it difficult to take 
impedance matching with two variable capacitors. 

In the foregoing embodiments), any one of the 
embodiments can be combined with any^jojare of the embodiments. 

15 For example, Fig. 29 is a sectional view showing the 
constitution of a plasma processing apparatus where the 
plasma processing apparatus in the tenth embodiment of the 
present invention in Fig. 19 and the plasma processing 
apparatus in the modification of the third embodiment of 

20 the present invention in Fig. 27 are combined with each 
other. Fig. 30 is a sectional view showing the 

constitution of a plasma processing apparatus where the 
plasma processing apparatus in the eleventh embodiment of 
the present invention in Fig. 21 and the plasma processing 

25 apparatus in the modification of the eighth embodiment of 
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the present invention in Fig. 28 are combined with each 
other. Such a combination can obtain rbife/both of the 



— e-f-t&atrs or~tne combined embodiments. 

As apparent from the aboxfeN description, the 

/ l3 J 

matching box of the present inventioh^f/r use in a plasma 
processing apparatus and for taking imp^dSTtce matching in 
supplying hicjh-f requency power to a Ic^c^thJ matching box 
comprises£/ a high-frequency input treifirCinal; a first 
reactive element having one end connected to the high- 
frequency input terminal and the other end connected to a 
matching box casing; a high-frequency output terminal; and 
a second reactive element having one end connected to the 
high-frequency input terminal and the ^©-ttter^ei^ 
to the high-frequency output terminaU^ w horcm "The jsecond 
reactive element and the high-f requency^utpufHEermlnal are 
(so^ar ranged) that the second reactive element is located on 
a straight line passing through a center axis of the high- 
frequency output terminal. Thus, uniform plasma can be 
generated so that the substrate can be uniformly processed. 

Also, the matching box of the present invention 
v ifor use in a plasma processing apparatus and for taking 
impedance\ matching in supplying high-frequency power to a 
lo^d^"^he/ matching box comprises^^ a high-frequency input 
terminal; a first variable capacitor having one end 
connected to the high-frequency input terminal and the 
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20 



other end connected to a matching box casing; a high- 
frequency output terminal; and a second variable capacitor 
having one end connected to the high-frequency input 
terminal and th^xpther end connected to the high-frequency 



output termin/^^ vrho r c irft ^he^yecond variable capacitor and 
the high-frequeACjy_outptl€termi are! so /arranged) that the 
second variable capacitor is located on a straight line 
passing through a center axis of the high-frequency output 
terminal. Thus, uniform plasma can be generated so that 
the substrate can be uniformly processed. 

Also, the\plasma processing method of the present 
invention hfw v gen^ating plasma within a vacuum chamber and 
processing a substrate placedr^tnK a substrate electrode 
within the vacuum chambeto^ ^e/ method comprises^^^T^ 
arranging a straight line parsing through a center axis of 
the high-frequency coupling device, a straight line passing 
through a center axis of the counter electrode or antenna, 
and a straTg^t line passing through a center axis of the 
substrate 




\to be generally cq 
wriLiullittir i/int^rior of the vacuum chamber -fee' a specified 
pressure by introducing a gas into the vacuum chamber and, 




simultaneously^-tHerewith, exhausting the IrTberior of the 
vacuum chambe;i/;L geirerofcittg the plasma ^by applying a high- 



25 



frequency power hav±ng-"a frequency of 50 MHz to 300 MHz to 
a counter electrode or antenna provided opposite to the 
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substrate via the matching box defined in Claim 2^^nd a 
high-frequency coupling devicfe^p/ovided to connect a high- 
frequency output terminal of the matching box and the 
nter /electrode ori antenna to each othei/O :md proccajina 
the/ substx^ate^by jasdng the generated plasma. Thus, uniform 
asma can be generated so that the substrate can be 
uniformly processed. 

/^o, the plasma processing method of the present 
invention ^fp/r generating plasma within a vacuum chamber and 
processing a substrate placed on a substrate electrode 
within the vacuum chamber^ The method comprises^ /&& J 
arranging a straight line passing through a center axis of 
the high-frequency coupling device, a straight line passing 
through a center axis of the counter electrode or antenna, 
15 and a stra^re±Lt line passing through a center axis of the 



substratd v afo to be generally coincident toge\her/£>^ 
ooivt - rol l t ± n -Av/i nt0r i o r of the vacuum chaker 4e S£gjd.fied 
pressure by introducing a gas into the vacuum chamber and, 
simultaneously therewith, exhaustinj^the inferior of the 
vacuum chambei£) t g enerating J:he pla;^a/by agpZying a high- 
frequency power having a frequency of 50 MHz to 300 MHz to 
a counter electrode or antenna provided opposite to the 
substrate via the matching box^as^ef ined in Claim 3^jjkd a 
high-frequency coupling device Vpafcvided to connect a high- 
25 frequency output terminal of the matching box and the 
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|ter e ^ e ^^^ each othe3^T ■ procco e ing* 

^substra^be^by using the generated plasma. Thus, uniform 



asma can be generated so that the substrate can be 
uniformly processed. 

Also, the plasma processing apparatus comprises^^ 
a vacuum chamber; a gas supply unit for supplying gas into 
sthe vacuum chamber; an evacuating device for evacuating 
nterior of the vacuum chamber; a substrate electrode for 
placing thereon a substrate within the vacuum chamber; a 
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counter electrode o^an antenna provided opposite to the 
substrate electrode/ u hagh- frequency power supply capable of 
supplying a high-frequency power having a frequency of 50 
MHz to 300 MHz to the counter electrode or antenna; the 
matching box as defined in the 28th aspect; and a high- 
15 frequency coupling device for connecting the high-frequency 
output terminal of the matchirm^JD^T an^X the counter 
electrode or antenna to each othfei^T wh^ceift Hk straight line 

passing through a center axis o:£ th^^high- frequency 

coupling device, a straight line passing through a center 
20 axis of the counter electrode or antenna, and a straight , 
line^a^sing through a center axis of the substrate a\ 




/as to be generally coincident together. Thus, 
uniform plasma can be generated so that the substrate can 
be uniformly processed. 
25 Also, the plasma processing apparatus comprise^^ 
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a - vacuum chamber; a gas supply unit for supplying gas into 
e vacuum chamber; an evacuating device for evacuating 



iterior of the vacuum chamber; a substrate electrode for 
placing thereon a substrate within the vacuum chamber; a 
5 counter electrode or an antenna provided opposite to the 
substrate electrode; high-frequency power supply capable of 
supplying a high-frequency power having a frequency of 50 
MHz to 300 MHz to the counter electrode or antenna; the 
matching box as defined in the 33rd aspect; and a high- 
10 frequency coupling device for connegt ing^the high-frequency 
output terminal of the matching-^box and \the counter 
electrode or antenna to each oth4:y^ whoroin straight line 
passing through a center ■axis > ---of*""^the high-frequency 
coupling device, a straight line passing through a center 
15 axis of the counter electrode or antenna, and a straight . 
line passing through a center axis of the substrate are^so 





as to be generally coincident together. Thus, 
uniform plasma can be generated so that the substrate can 
be uniformly processed. 
20 Although the present invention has been fully 

described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
25 modifications are to be understood as included within the 




scape of the present invention as defined by the appended 
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.TRACT OF THE DISCLOSURE 

rior of a vacuum chamber is maintained 
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IP 

>b Ja specified pressure by introducing a specif iedjg^s--irrrta 



the vacuum chamber having a plasma trap p^evTded there! 

Simultaneously therewithy-^ ^i funning } evacuation* ^ by a 
pump as an evacuating device, v aynigh-f requency power of 100 
MHz is supplied to a counter electrode by counter-electrode 
use high-frequency power supply* Thus, uniform plasma is 
generated within the vacuum chamber, where plasma 
processing such as etching, deposition, and surface 
reforming can be carried out uniformly with a substrate 
placed on a substrate electrode. 




